proof of principal data shows that treating subjects with schizophrenia with drugs that activate the muscarinic M1 receptor is effective in lessening the symptoms associated with the disorder. Methods: Published and unpublished data will be reviewed to challenge the hypothesis that drugs that activate the muscarinic M1 receptor will be useful in treating schizophrenia. Results: A proof of clinical trial has shown that treating subjects with treatment resistant schizophrenia with the muscarinic M1 and 4 receptor agonist, xanomeline, improves positive and negative symptoms as well as cognitive deficits. Moreover, it has more recently been reported that giving xanomeline on a transdermal patch with a peripheral muscarinic receptor antagonist can lessen the unwanted side effects of the drug to that of placebo. Relevant to these data is the finding that there is a sub-group of subjects with MRDS as the absence of cortical muscarinic M1 receptors in these receptors may make these subjects resistant to treatment with muscarinic M1 receptor agonists. However, novel studies using postmortem CNS from subjects with MRDS and non-MRDS has shown that whilst subjects with MRDS will likely be resistant to muscarinic M1 receptor orthosteric agonists (oxotremorine-M) they will, at least partially, respond to muscarinic M1 receptor allosteric agonists (AC-42) or positive allosteric modulators (BQCA). Discussion: Muscarinic receptor agonism appears to be a promising new treatment for schizophrenia. However, some subjects with MRDS may only respond to activation of the allosteric site on the muscarinic M1 receptor. Evidence from a neuroimaging study suggests subjects with MRDS can be identified whilst living. Hence, establishing the muscarinic receptor status of subjects involved in trials of muscarinic M1 receptor agonists may help in explaining varying levels of treatment responsiveness in subjects with schizophrenia. These conclusions, being directed by data from studies using postmortem CNS, reflect the need for drug discovery and delivery to be based on a growing understanding of the pathophysiology(ies) of schizophrenia.
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Background: Dysregulation of the immune system and inflammation likely play a role in the development or course of schizophrenia, at least in a sub-population of patients. In particular, recent evidence has implicated the complement system in this disorder. The complement system is a key effector of innate immunity, mediating elimination of pathogens and debris via initiation of phagocytosis, inflammation and cell lysis. Intriguingly, early complement components also participate in synaptic pruning and plasticity. Further evaluation of the role of the complement system in schizophrenia may reveal novel treatment strategies. Methods: Investigations of the complement system in blood and postmortem brain tissue in schizophrenia will be reviewed. Furthermore, the relationship between blood and brain complement levels and measures of central and peripheral inflammation, genotype and synaptic density will be explored. Finally, the potential utility of anti-complement therapies in the treatment of schizophrenia will be discussed. Results: Recent genome-wide association studies have revealed an association with genetic markers within the major histocompatibility complex locus in schizophrenia, with this association suggested to reflect diversity in complement component 4 (C4) genes. Consistent with genetic data, higher complement hemolytic activity has been reported in this disorder, while our studies in postmortem brain tissue have revealed increased expression of several complement components. Notably, C4 expression is impacted by C4 genetic architecture. Discussion: Overall, data suggests a role for the complement system in schizophrenia. Increased complement expression may be indicative of an inflammatory response. However, given that early complement components have also been implicated in synaptic pruning and circuit remodeling, disturbances in complement activity may also contribute to synaptic deficits previously identified in this disorder. Anti-complement therapies are currently available, while the complement system provides numerous additional options for future drug development. Further research is required to elucidate the potential utility of anti-inflammatory therapies, including those targeting the complement system, in the treatment of schizophrenia, and to identify which patients may benefit most from this strategy and when treatment would be most effective. Background: Molecular imaging with Positron Emission Tomography (PET) has the unique capability of examining molecules in the brains of human subjects in real time. This has been well exploited in the study of dopaminergic transmission in schizophrenia. The results have on one hand confirmed some predictions, and on the other hand they have brought up unexpected findings, that have the potential to affect drug development in a major way. Methods: PET studies of dopamine release, synthesis, storage, receptors and transporters across labs and different experiments will be reviewed to extract findings that differ from preconceived notions. These have the capability of re-focusing drug development based on new evidence. Results: Expected findings that PET studies have confirmed are those of striatal dopaminergic excess, measured as enhanced presynaptic release capacity and presynaptic enzymatic synthesis capacity. Also expected was hypodopaminergic transmission in the dorso-lateral prefrontal cortex. The unexpected findings from PET have been as follows: 1) the striatal excess is most predominant in the associative striatum, rather than the limbic striatum. 2) hypodopaminergia is generalized to all extrastriatal areas of the brain These observations of opposite presynaptic dopaminergic dysfunction between striatal and extrastriatal regions suggest that the striatal excess may not be driven by activity levels of midbrain DA cells but may result from abnormal striatal local regulation of presynaptic DA release, affecting specifically the associative striatum, region which shows largest magnitude of excess DA. Furthermore alterations in dopaminergic signaling in opposing directions may have a dual effect on learning across functional domains by weakening learning from salient or relevant signals and reinforcing stimulus independent signals, thus explaining different symptom domains. Discussion: More work is needed to understand the cellular mechanisms of dopaminergic dysfunction in schizophrenia. The evidence presented here, while limited, highlights the challenges of drug development in the absence of real in vivo information from patients, and the need for multidisciplinary cross talk to address these challenges.
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